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(54) Method and apparatus for automatically controlling brightness using a variable time 
constant filter 



(57) A method and apparatus is provided to control 
the brightness of an emissive display. Specifically, the 
brightness is incremented and decremented as the am- 
bient environment becomes brighter and darker, re- 
spectively. A timing feature is also implemented to con- 
trol the sensitivity of the system. Specifically, the time 



between adjustments of the display brightness is at least 
partially dependent on the magnitude of the difference 
between the desired brightness based on the ambient 
lighting environment and that of the actual display 
brightness. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to 
emissive displays and, in particular, relates to a method 
and apparatus for automatically controlling the lumi- 
nance or brightness of an emissive display, such as a 
vehicle instrument display, based on ambient lighting 
conditions. 

2. Discussion of the Related Art 

[0002] Historically, the brightness of an emissive ve- 
hicular instrument display was adjustable by an operator 
to compensate for the ambient lighting conditions. For 
example, an operator may wish to increase the bright- 
ness during the day, and decrease the brightness at 
night. However, adjusting the brightness during transi- 
tory conditions became an inconvenient and dangerous 
task, especially while operating a motor vehicle. Recent- 
ly, automatic brightness control systems have operated 
by automatically adjusting the brightness of a vehicular 
instrument display as a function of input from an ambient 
light sensor. For instance, if an automobile traveled from 
a position of sunlight into a position of shade, an ambient 
light detector would sense the decrease in ambient illu- 
mination, and the brightness of the corresponding in- 
strument displays would be decreased accordingly. 
Conversely, if the ambient light detector sensed an in- 
crease in ambient illumination, the brightness of the in- 
strument displays would be increased. 
[0003] Unfortunately, these automatic brightness 
control systems are incapable of properly compensating 
for relatively short time durations of a large illumination 
gradient of the ambient environment from one time to 
the next. Accordingly, if a vehicle were to travel under a 
bridge for a short period of time, for example, the bright- 
ness of the instrument displays would be decreased, 
and then immediately increased once the vehicle 
traveled past the bridge. For such transitory conditions, 
it is annoying and unacceptable to the operator of the 
vehicle to change the display brightness at or faster than 
the adaptation rate of the eye. Rather, it is more desir- 
able to have the display remain at a constant brightness 
level unless the ambient lighting condition is.more per- 
manent in nature, such as is the case when a vehicle 
passes under an elongated tunnel. 
[0004] What is therefore needed is an automatic 
brightness control system that (1) allows an operator to 
compensate for his or her personal preference by man- 
ually adjusting the brightness of the display; and (2) au- 
tomatically adjusts the rate of brightness change based 
on the magnitude of deviation of the current display 
brightness from the desired display brightness. 



BRIEF SUMMARY OF THE INVENTION 

[0005] A method and apparatus are provided having 
the ability to adjust the rate of brightness change of a 
5 display based on the magnitude of deviation of the cur- 
rent display brightness from the desired illumination, 
wherein the desired brightness is a function of the am- 
bient illumination. Furthermore, the automatic bright- 
ness control system allows an operator to manually alter 
10 the determined brightness if desired. 

[0006] in accordance with a first aspect of the inven- 
tion, the brightness control system includes a filter that 
waits a predetermined amount of time according to the 
difference between the current display brightness and 
15 the desired display brightness. For example, if the dif- 
ference between the two brightness levels is large, the 
process will wait a relatively long period of time before 
transitioning the display brightness to the desired dis- 
play brightness when compared to the situation where 
20 the difference between the two values is relatively small. 
As a result, when an automobile travels underneath a 
bridge, for example, the magnitude of the difference will 
be relatively large for a relatively short period of time. 
The display brightness would likely not change in this 
25 scenario because the necessary time would not have 
elapsed before the ambient sensor detected a subse- 
quent increase in illumination (as the vehicle exits from 
under the bridge). Specifically, the filter uses a prede- 
termined time constant that is multiplied by the differ- 
30 ence between the current and the desired brightness to 
determine the necessary time elapse before the current 
display brightness is adjusted. 
[0007] in accordance with another aspect of the in- 
vention, an additional predetermined time interval is 
35 used to determine whether sufficient time has passed 
to update the DAC count which will, in turn, update the 
display brightness.. 

[0008] In accordance with another aspect of the in- 
vention, the display brightness increases at a faster rate 

40 than it decreases. Specifically, a smaller time constant 
is used when brighter ambient conditions are sensed, 
thereby resulting in a smaller update time interval. Once 
the change in time from the previous update has ex- 
ceededthe update time, the brightness step number will 

45 be incremented or decremented, and the process will 
revert to the beginning of the update cycle. Therefore, 
the brightness control system may be used as a bright- 
ness peak detector, because the level of maximum 
brightness will not decrease as quickly as the brightness 

so level is increased, 

[0009] These as well as other features, aspects, and 
characteristics of the present invention will be apparent 
from the description which follows. In the detailed de- 
scription below, preferred embodiments of the invention 

55 will be described with reference to the accompanying 
drawings. These embodiments do not represent the full 
scope of the invention. Rather, the invention may be em- 
ployed in other embodiments. Reference should there- 
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fore be made to the claims herein for interpreting the 
breadth of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] References hereby made to the following fig- 
ures in which like reference numerals correspond to like 
elements, and in which: 

Fig. 1 is a block diagram of an automatic brightness 
control system which employs the preferred embod- 
iment of the present invention; 
Fig. 2 is a flow chart of the steps performed to carry 
out the preferred embodiment; 
Fig. 3 is a flow chart of the steps performed to carry 
out the initiation sequence of Fig. 2; 
Fig. 4 is a flow chart of the steps performed to carry 
out the brightness step number incrementation and 
decrementation steps of Fig. 2; 
Fig. 5 is a flow chart of the steps performed to carry 
out the DAC update step of Fig. 2; and 
Fig. 6 is a graph illustrating the response time be- 
tween actual and desired display brightness levels 
in accordance with the preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[001 1 ] Referring initially to Fig. 1 , an automatic bright- 
ness control system 100 includes an ambient illumina- 
tion signal generator 102 that detects ambient illumina- 
tion conditions, typically including light that passes 
though a car, for example, and inputs corresponding 
voltage values into a microprocessor 104. The ambient 
illumination signal generator 102 may take many forms, 
as is well known in the art, such as a photodiode coupled 
to an analog-to-digital converter (ADC) . The system 1 00 
additionally includes a manual brightness adjustment 
mechanism 1 06, which could take many forms including 
a knob, that outputs user-selected brightness values to 
the microprocessor 104. For instance, a user may 
choose to increment the mechanism 106 during a rela- 
tively sunny day, and decrement the mechanism at night 
or during cloud coverage. 

[0012] Specifically, the manual brightness adjustment 
mechanism 106 outputs a step number selection (SNS) 
having values 1 through 9 that correspond to increasing 
manually selected brightness levels. Because 5 is in the 
middle of the SNS range, the SNS output will be de- 
creased by a value of 5 to determine the change in the 
manually selected brightness, as will be described be- 
low. For instance, if the user wishes to increase the 
brightness by 2 increments, the SNS value will be at 7, 
so that the difference of +2 is calculated by subtracting 
5 from 7. The difference of +2 is used to modify the au- 
tomatically determined brightness level by a user select- 
ed offset of 2 brightness steps. The microprocessor 1 04 
determines differences in sensed ambient illumination 



levels, and alters the input voltage to DAC 108 accord- 
ingly, which correspondingly alters the brightness of a 
cold cathode fluorescent lamp (CCFL) 1 1 0 via an Invert- 
er 109. 

5 [0013] Referring now to Fig. 2, the microprocessor 
104 executes a stored program including an automatic 
brightness control sequence 200 and begins at step 
202, whereby an initiation sequence is performed. Spe- 
cifically, as illustrated in Fig. 3, the initiation sequence 

10 202 commences at step 228 when an operator selects 
the appropriate mode on a display settings screen (not 
shown). Sequence 202 then proceeds to step 230, 
whereby a plurality of ambient light sensor val ues (1 6 in 
accordance with the preferred embodiment) are read 

15 from the ambient illumination signal generator 1 02 : and 
these values are averaged to determine an average am- 
bient light sensor value (ALSA) at step 232. An empiri- 
cally derived look-up table (not shown) is consulted to 
determine a desired brightness step number (BS#) that 

20 corresponds to the ALSA at step 234. Next, at step 236, 
time values T, TN, and TDAC are reset to real-time in 
preparation for repetitions that will take place during the 
auto brightness sequence 200, as will be described be- 
low. At step 238, the initiation sequence 202 reads the 

25 SNS value from the manual brightness adjustment 
mechanism 1 06 to determine any necessary fine tuning 
to the display brightness level as defined by the operator 
input. 

[0014] Referring again to Fig. 2, once the adjustment 

30 sequence 200 performs the initiation sequence 202, it 
proceeds to step 204, where the previously determined 
BS# is adjusted according to the operator adjustment 
mechanism 106. Accordingly, BS# is adjusted by sub- 
tracting 5 from the current SNS value to determine the 

35 operator-selected brightness change (recall that SNS = 
5 defines the middle of the SNS range). For example, if 
the SNS value was set to 3, the BS# would be decre- 
mented by 2 (BS# = BS# + 3-5). The look-up table is 
then consulted to determine the corresponding DAC 

40 count. An auto loop sequence 205, comprised of blocks 
206 - 226, then commences, and preferably updates at 
a rate of less than 50 milliseconds. At step 206, the AL- 
SA is updated by first reading a new ALS value and stor- 
ing it into a variable ALSAR. The new ALSA weighted 

45 average is determined by the following equation: 

ALSA= 15/16 x ALSA + 1/16 x ALSAR. (1) 

50 Accordingly, as the auto loop 205 repeats, the ambient 
light sensor average is continuously updated as new 
ambient light sensor values are detected. Next, at step 
208, a new brightness step number BS#N is determined 
by locating the BS# value corresponding to the updated 

55 ALSA value in the look-up table. 

[0015] Once the previously determined brightness 
step number (BS#) and new brightness step number 
(BS#N) are determined, the auto loop 205 determines 
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whether the brightness of the display should be in- * 22<Tis executed to increment or decrement the current 
creased or decreased. Specifically, at decision block DAC count towards the DAC value corresponding to 
210, it is determined whether BS# is equal to BS#N. If BS# in the look-up table. For instance, if BS# was incre- 
so, the auto loop 205 will proceed to step 21 9, which will mented by 1 at step 262, the DAC count will correspond- 
direct the process to step 263, which will be described 5 ingly be incremented by a value of 1 . Even though the 
in more detail below. Otherwise, the auto loop 205 will DAC count incrementation may not result in the new 
proceed to decision block 21 2 , whereby it will be deter- DAC count corresponding to the present BS# as defined 
mined whether the new brightness step number is great- in the look-up table, successive incrementations of the 
er than the desired brightness step number. If BS#N is DAC count will ultimately result in such equivalence, 
less than BS#, the auto loop 205 will proceed to step 10 Therefore, even if AT was determined not to be greater 
214, whereby BS# is decremented. Otherwise, if BS#N at TU at decision block 260, or if BS# was not altered, 
is greater than BS#, the auto loop sequence 205 will in- . the DAC count may still be incremented or decremented 
crementBS# at 21 6, as is now described with reference during subloop 220 if the previous adjustment to the 
t0 pig 4 DAC count did not adjust the DAC count to correspond 
[0016] Specifically, the BS# decrementing process '5 with current BS#, as defined in the look-up table. 
214 begins at step 240, wherein a delta number of steps [0020] Accordingly, at decision block 266, the subloop 
(D#S) is determined to be the difference of BS# and 220 will determine whether the current DAC count 
BS#N. Next, at step 242, an update time TU is deter- equals the DAC count corresponding to (BS# + SNS - 
mined to be the product of D#S and a predetermined 5), as defined by the look-up table. If the values corre- 
time constant TC1 . At step 244, the real-time is read into 20 spond, there will be no need to update the DAC count, 
TN, and T is subtracted from TN to determine AT at step and the subloop 220 will proceed to step 274 to reset 
246. Recall that T was initialized as the real-time value TDAC to RealTime. Otherwise, if decision block 266 de- 
at step 236. Because it was determined that BS#N is termines that the values do not correspond, it will be de- 
less than BS#, and it is therefore desirable to decrease termined at step 268 whether the difference between TN 
BS#, a variable "ONE" is set to - 1. Next, at decision 25 and TDAC is greater than a third time constant TC3. Re- 
block 260, the auto loop 205 determines whether AT is call that if BS# was incremented or decremented at 
greater than TU. If so, BS# will be updated at step 262, steps 21 6 or 214, TN will have been updated at step 263 
as will be described below. (or steps 244 or 254 if "No" at decision block 260) while 
[0017] If, however, it is determined at decision block TDAC was set to the real-time at step 236. Therefore, if 
212 that BS#N is greater than BS#, BS# will be incre- 20 sufficient time has passed between steps 236 (or step 
mented at step 216. Specifically, with continuing refer- 274 after the first time) and 263, such that TN minus 
ence to Fig. 4, DS# will be computed as BS#N minus TDAC is greater than TC3, subloop 220 will proceed to 
BS# at step 250. Next, at step 252, TU is calculated as decision block 270. Otherwise, if insufficient time has 
the product of D#S and a second time constant TC2. elapsed, the difference between the two will therefore 
Next, the real-time information will be read into TN and 35 not be greater than TC3, and subloop 220 will proceed 
AT will be determined as described above, at steps 254 to step 278 without resetting TDAC. 
and 256 respectively. Because BS# is being increment- [0021] At decision block 270, it is decided whether the 
ed in this scenario "ONE" will be set to + 1 at step 258, DAC count should be incremented or decremented. For 
and the sequence 216 will proceed to decision block instance, if the current DAC count is greater than the 
260. 40 DAC value correspondingto (BS# + SNS - 5) in the look- 
[0018] Once the variable "ONE" has been deter- up table, then DAC will be decremented by a value of 1 
mined ; the auto loop 205 will determine whether suffi- at step 272. Otherwise, if the current DAC count is less 
cienttime has passed from the previous update atde- than the DAC count value corresponding to (BS# + SNS 
cision block 260. Accordingly, if AT is greater than TU, - 5), then the current DAC count will be incremented by 
indicating the passage of sufficient time, then BS# will « the value of 1 at step 276. Once the DAC count has been 
be adjusted to BS# + "ONE" at step 262. Accordingly, incremented or decremented, the subloop 220 will pro- 
the brightness step number will be decremented by a ceed to step 274, whereby the TDAC is once again reset 
value of 1 during process 21 4, and will be incremented to Real Time, and the subloop will revert to step 222, as 
by a value of 1 if the auto loop 205 has executed process indicated at step 278. Adjusting the DAC count by a val- 
216. Once BS# has been updated, the auto loop 205 so ue of 1 allows the brightness level of the CCFL 110 to 
will resetTandTN at step 263 before proceeding to step be adjusted a sufficiently small amount so as not to be 
220, whereby the DAC count will be updated. On the observed by the user. On the contrary, if the DAC count 
contrary, if it is decided that AT is not greater than TU at was adjusted to immediately equal the value corre- 
decision block 260, the loop 205 will proceed to step spending to the current (BS# + SNS - 5) as defined in 
220, as denoted by step 264, without resetting Tor TN. 55 the look-up table, the adjustment made to the DAC 
Of course, TN will be updated the next time step 244 or count would likely be orders of magnitude greater than 
254 are processed until AT is greater than TU. one, thereby resulting in relatively large brightness 
[001 9] Referring now to Fig. 5 in particular, subloop changes to the backlight that would be observed by the 
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operator. «. 
[0022] In accordance with the preferred embodiment, 
TC3 is less than TU to permit the DAC count to update 
towards a steady state condition with respect to the BS# 
even in situations that the BS# was not adjusted during 
the previous iteration. 

[0023] Referring again to Fig. 2, a variable SNS0 is 
set to the current SNS value at step 222 in preparation 
for reading a new operator-selected SNS value, which 
is performed at step 224. At decision block 226, if the 
read SNS value is still equal to SNS0, thereby indicating 
no change to the SNS, the auto loop 205 will continue 
to step 206 as described above. If, on the other hand, 
SNS is not equal to SNS0, the DAC count will once again 
be determined at step 204, as described above. Accord- 
ingly, when the user manually changes the brightness, 
an immediate (within 50 mS) response is achieved with- 
out going through the variable rate control filter process . 
[0024] It should be appreciated that as difference be- 
tween BS#N and BS# decreases, D#S will decrease, 
thereby decreasing the necessary update time interval 
TU. As a result, the brightness of the display will be cor- 
rected at faster rates as the actual display brightness 
level approaches the desired brightness level. In partic- 
ular, referring to Fig. 6, a graph is shown, not necessarily 
to scale, illustrating the change in an actual display 
brightness level 223 over a period of time once a lower 
ambient illumination level is detected. As will be further 
described below, the newly detected lower ambient illu- 
mination level corresponds to a desired display illumi- 
nation level 225. Assuming a steady state condition ex- 
ists prior to the new sensed ambient illumination level, 
and that no changes to the ambient illumination level 
are detected before the next steady state condition, the 
actual display brightness level plotted against time is a 
concave parabolic curve 227 indicating the increasing 
rate of change of actual display brightness 223 as it ap- 
proaches the desired display brightness 225. Once the 
actual display brightness 225 has reached the desired 
display brightness, a steady state 229 will once again 
be reached. Furthermore, time constants TC1 and TC2 
may be selected having different values so as to de- 
crease the response time when the brightness is incre- 
mented relative to when the brightness is decremented 
by selecting a value for TC1 that is more than TC2. By 
selecting TC2 < TC1 , the brightness will increment fast- 
er than it decrements, thereby maintaining the display 
brightness at higher levels under intermittent shading 
conditions and acting like a peak ambient light detector. 
[0025] The invention has been described in connec- 
tion with what are presently considered to be the most 
practical and preferred embodiments. However, the 
present invention has been presented by way of illus- 
tration and is not intended to be limited to the disclosed 
embodiments. For instance, it should be appreciated 
that the functions performed by the hardware elements, 
such as DAC 108, could also be performed by appropri- 
ately programmed microprocessors or other alternative 



software or hardware apparatus. Additionally, while the 
preferred embodiment has described in conjunction with 
a CCFL.. it should be appreciated that the present inven- 
tion could be used in conjunction with other backlights, 
5 such as an LED backlight and other emissive displays 
such as FED or OLED and : accordingly, the present in- 
vention is not intended to be limited in scope to using a 
CCFL. 

[0026] It should further be appreciated that while the 
10 preferred embodiment has been described with refer- 
ence to a vehicle instrument display, it could be equally 
applicable for other types of displays. For example, it 
may be desirable to control the brightness levels of bat- 
tery operated displays, such as laptop personal comput- 
es ers, or personal digital assistants, such as PALM organ- 
izer, so as to reduce battery consumption and improve 
longevity. The invention is therefore not intended to be 
limited to controlling brightness of vehicular displays. 
[0027] Those skilled in the art will realize that the in- 
20 vention is intended to encompass all modifications and 
alternative arrangements included within the spirit and 
scope of the invention, as set forth by the appended 
claims. 

25 

Claims 

1. A method for controlling brightness of an emissive 
display, comprising: 

30 

(A) determining a first signal indicating an ac- 
tual display brightness level at a first time T1 ; 

(B) determining a second signal substantially 
related to a desired display brightness level at 

35 a second time T2; 

(C) determining a difference magnitude be- 
tween said first and second signals; 

(D) determining a predetermined update time 
interval, wherein said update time interval is the 

40 product of said difference magnitude and a pre- 

determined time constant; 

(E) adjusting said actual display brightness lev- 
el when the difference between T2 and T1 is 
greater than said update time interval. 

45 

2. The method as recited in claim 1 , wherein step (E) 
further comprises incrementing said actual bright- 
ness level if said desired brightness level is greater 
than said actual brightness level. 

50 

3. The method as recited in claim 1 , wherein step (E) 
further comprises decrementing said actual bright- 
ness level if said desired brightness level is less 
than said actual brightness level. 

55 

4. The method as recited in claim 1 . wherein step (E) 
comprises one of incrementing and decrementing 
said actual brightness level, wherein said update 
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time interval when said actual brightness level is in- . > 
cemented is less than said update time interval 
when said actual brightness level is decremented. 

5. A system for controlling brightness of an illuminated 5 
instrument pane!, comprising: 

(A) means for receiving a first signal generally 
related to an actual brightness level; 

(B) means for receiving a second signal gener- 10 
ally related to a desired brightness level; 

(C) means for determining a brightness differ- 
ence magnitude between said first and second 
signals; and 

(D) means for adjusting said actual brightness *5 
level after expiration of a predetermined update 
time interval, wherein said update time interval 

is at least partially dependent upon said differ- 
ence magnitude. 

20 

6. The system as recited in claim 5, further comprising 
meansfor incrementing said actual brightness level 
if said desired brightness level is greater than said 
actual brightness level. 

25 

7. The system as recited in claim 5, further comprising 
meansfor decrementing said actual brightness lev- 
el if said desired brightness level is less than said 
actual brightness level. 

30 

8. The system as recited in claim 5, wherein said up- 
date time interval increases as said brightness dif- 
ference magnitude increases, and wherein said up- 
date time interval decreases as said brightness dif- 
ference magnitude decreases. 55 
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